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In-plane magnetic field photoluminescence spectra from a series of GaAs/AlGaAs coupled double
quantum wells show distinctive doublet structures related to the symmetric and antisymmetric
states. The magnetic field behavior of the upper transition from the antisymmetric state strongly
depends on sample mobility. In lower mobility samples, the transition energy shows an N -type kink
with fields (namely a maximum followed by a minimum), whereas higher mobility samples have a
linear dependence. The former is due to a homogeneous broadening of electron and hole states and
the results are in good agreement with theoretical calculations.
The electrical and optical properties of quantum well
heterostructures have been the subject of considerable in-
vestigation for a number of years. Coupled double quan-
tum well (CDQW) structures, where the two wells are
separated by a thin barrier, are of interest due to an en-
hanced quantum Stark effect and provide an ideal system
for studying tunneling dynamics.1–5 Modulation-doping
of a CDQW creates two parallel two-dimensional electron
gas (2DEG) layers.6–10 This additional electronic degree
of freedom in the growth (z) direction can be controlled
by varying the barrier thickness, external gate voltages,
and magnetic fields. For a strong tunneling structure,
wherein two quantum wells are separated by a very thin
barrier (typically < 40A˚), a tunnel split bandgap (∆SAS)
is formed such that the symmetric and antisymmetric
states are nearly degenerate in energy. For electronic ap-
plications, a gated CDQW has a function similar to a
double barrier resonant tunneling device (RTD). How-
ever, an RTD has a side gate structure, whereas a gated
CDQW device is an entirely planar configuration which
has many advantages. Moon et. al. recently demon-
strated that these double layer systems could be used as
compact digital logic devices constituting a great reduc-
tion in circuit complexity due to their planar geometry.11
In the presence of magnetic fields parallel to the growth
direction (B⊥), the tunnel-split band gap (∆SAS) col-
lapses and the structure acts as a single quantum well
due to Coulomb interactions at certain odd integer Lan-
dau filling factors.10 By contrast, in a purely in-plane
field, single particle dynamics dominate the interactions
between the 2DEGs and there is a linear shift in the
canonical momentum h¯k in one quantum well with re-
spect to another. The primary effect is to produce a par-
tial energy gap and a strong modulation of the in-plane
conductance due to an anti-crossing of the k-dispersion
curves as demonstrated by Simmons et. al..7,9
In a recent theoretical investigation, Huang and Lyo12
describe many different phenomena related to the in-
plane magnetic field dependence of the photolumines-
cence (PL) spectra. Their calculations show that, as
the magnetic field increases, transition energy between
the antisymmetric and symmetric states displays an N -
type kink, namely a maximum followed by a minimum.
In the presence of in-plane magnetic fields the degenerate
k-dispersion curves at zero field split in the y-direction, as
depicted in Fig. 1. In this report, we present the in-plane
magnetic field dependence of the PL spectra from a series
of CDQWs. Due to the construction of these CDQWs,
they exhibit a valence band structure where the antisym-
metric heavy hole (hh2) state is located between the first
symmetric heavy-hole (hh1) state and the first symmetric
light-hole (lh1) state. The anticrossing of the two disper-
sion curves in the presence of in-plane magnetic fields can
produce a partial energy gap.7–9This yields large in-plane
B-field tunable distortions in the Fermi surface and the
density of states (DOS). Large maxima and minima are
observed in the in-plane conductance. Although we were
unable to conclusively observe these field tunable effects
detected from transport experiments, we did observe the
N -type kink transitions predicted by Huang and Lyo.12
The structures used in this study were modulation
doped CDQW structures (A, B, and C), each consist-
ing of two GaAs QWs of equal width w separated by
an Al0.3Ga0.7As barrier of thickness t. Table 1 lists the
values of w and t, the total electron density n, and the
mobility µ. Magneto-PL measurements were performed
at 2K with a 600 mm diameter fiber optic system in a
20 tesla superconducting magnet. A miniature right an-
gle prism was attached to the end of the fiber in a 4He
flow cryostat to achieve in-plane field geometry. The data
were recorded using a f/4, 0.3 m spectrograph equipped
with a cooled CCD detector. The PL studies were ob-
tained under the following conditions: The laser excita-
tion wavelength was 635nm; the power density on the
sample did not exceed 0.7 mW/cm2; and the spectral
resolution was approximately 0.4 meV. More specific de-
tails of the experimental techniques have been reported
elsewhere.13
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Measured MPL spectra at 2K are displayed in Fig. 2
for sample A and C. Spectra for sample B are not shown
as its behavior is similar to sample A. At zero magnetic
field, a broad asymmetric band to band transition is ob-
served. It consists of two peaks corresponding to the sym-
metric to symmetric and antisymmetric to antisymmetric
e-hh transitions for the lowest two subband states of the
CDQW. These are denoted as L (lower, symmetric) and
U (upper, antisymmetric). At zero field, for sample A,
the L peak is more intense than U peak while for sample
C, the intensities are interchanged as seen in Fig. 2(b).
For sample C, the PL intensity transfers from the L to
the U transition and the L peak disappears around 5T.
For sample A, on the other hand, the L peak maintains
a stronger intensity over the entire field region. The PL
intensity and line-shape are intimately governed by the
homogeneous broadening of electron and hole states. The
homogeneous broadening has been shown by Raichev and
Vasko14,15 to be complicated issue as it is caused mainly
by impurity scattering, interface roughness, and electron-
electron scattering. Homogeneous broadening of electron
and hole states in a CDQW system is an important fac-
tor as the symmetric and antisymmetric levels lie in close
proximity due to the tunneling gap and the electrons in
one level can easily be scattered into the other level. Con-
sequently, this interaction can strongly influence the PL
spectra in a CDQW system as seen in Fig. 2.
In a two-band CDQW system with large homogeneous
broadening factor (Γ), it is expected that the upper tran-
sition has a larger PL intensity than the lower transition
due to the superposition of the upper transition and the
tail section of lower transition. However, for a small Γ
two-band system, one can expect to observe a PL spec-
trum where the lower transition has a higher PL intensity
than the upper transition because interaction between
two states is relatively small and hence the two energy
levels are well defined. This is what exactly is observed
at the zero magnetic field as seen in Fig. 2. Sample A
has higher mobility than sample C, L peak of sample A
(sample C) has higher (lower) intensity than U (L) peak
such that ΓA< ΓB.
Peak transition energy vs. magnetic field plots are dis-
played in Fig. 3. For sample A in Fig. 3a, the U and
L peaks display approximately parallel diamagnetic shift
with magnetic field and disappears around 11T. However,
sample C shows completely different behavior (Fig. 3b).
Initially, the U and L peaks have parallel diamagnetic
shift to 4T. Beyond 4T, the U peak shows red-shift to-
ward the L peak, namely N -type transition, a maximum
followed by a minimum. As suggested by Huang and
Lyo12 who showed that homogeneous broadening plays
an important role in the behavior of the transition ener-
gies in high magnetic fields. These authors clearly show
that the in-plane magnetoluminescence energy transi-
tions of CDQWs change from parallel transitions to N -
type transitions, as Γ varies from smaller to larger values.
Our experimental results for sample C are in good agree-
ment with their theoretical calculations for a Γ=1.0meV.
We see that for a lower mobility (large Γ) system (sample
C), due to its large homogeneous broadening of electron
and hole states, the upper transition smeared in to the
lower transition at ∼5T. However, for a higher mobility
(small Γ) system (sample A), due to less homogeneous
broadening, the interaction between the U and L transi-
tions is relatively small and they show a parallel behavior
with respect to increasing in-plane magnetic fields.
The integrated intensity for the U and L peaks vs.
magnetic field for samples A and C are displayed in Fig.
4. The U and L peak intensities for sample C with respect
to the in-plane magnetic field shows a behavior compara-
ble to the theoretical calculations in Ref. 12 for a sample
with large Γ. In the theoretical calculations, the U peak
decreases its intensity while the intensity of the L peak
increases with increasing magnetic field. However, in our
experiments for sample C, before U peak disappears, U
and L peaks show oscillatory behavior for all the sam-
ples used in this study. Similar oscillatory behavior was
observed from sample A and B. We speculate that this
behavior might be related with non-linear variation of os-
cillator strength in the upper and lower branch while the
degenerated k-dispersion curves separate in y-direction in
the presence of in-plane magnetic fields.
In summary, we have measured the PL doublet struc-
ture from a series of modulation doped CDQWs in the
presence of in-plane magnetic fields. For transition inten-
sity analysis, we found that initially the upper transition
is more intense than the lower transition at low fields for
a low mobility sample. As the field increases, the elec-
trons in upper band depopulate and as a consequence the
upper transition merged into the lower branch, namely
an N -type kink. However, for a high mobility sample,
the upper and lower transitions show parallel behavior in
magnetic fields and the upper branch disappears in high
magnetic fields near 11T. Recent theoretical study which
is in good agreement with our experimental results re-
veals that homogeneous broadening of electron and hole
states are important to understand the transitions in the
presence of in-plane magnetic fields.
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TABLE I. Sample parameters of a series of CDQWs. w, t,
n and µ represent well width, barrier thickness, 2DEG den-
sity and mobility of the samples, respectively. The estimated
2DEG densities are with (without) laser illumination condi-
tions.
w/t n µ
(A˚) (1011/cm2) (105cm2/Vs)
A(G1176) 150/25 4.8(2.9) 2.7
B(G1177) 100/35 4.2 (2.4) 1.2
C(G1165) 150/15 2.8 (1.6) 0.6
FIG. 1. Schematic diagram for the optical transitions from
a coupled double quantum wells. (a) At zero field, the tran-
sition occurs from the antisymmetric and symmetric states
denoted as U and L, respectively. (b) In the presence of
an in-plane magnetic field (B||x), the degenerate dispersion
curves split and transition occurs only at k∼0 at high fields.
FIG. 2. In-plane magnetic field dependent of the PL spec-
tra. Both samples show doublet structures at zero field. (a)
For sample A (high mobility), in the entire field region, the
lower (L) transition has stronger intensity than the upper (U)
transition. (b) For sample C (low mobility), the U peak has
stronger intensity at zero field but transfers to L peak around
4T. The different intensity behaviors are due to the homoge-
neous broadening of electron and hole states (see text).
FIG. 3. Transition energy vs. magnetic field plot. (a) For
sample A, the U peak runs in parallel to the L peak and dis-
appears around 11T. (b) Sample C shows N -type kink transi-
tion, namely a maximum followed by a minimum around 4T
for the U peak.
FIG. 4. PL intensity vs. magnetic field plot for sample
A (a) and sample C (b). Both U and L peaks show os-
cillatory behavior before U peak disappears. This behav-
ior might be related with non-linear distribution of oscilla-
tor strength in the upper and lower branches while the de-
generated k-dispersion curves separate in y-direction in the
presence of in-plane magnetic fields.
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